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Introduction
Acoustic sensing technology offers many tactical advantages for the military. The sensors are passive, have non-line-of-sight capability, and are small, low-power, robust, and inexpensive. Acoustic microphones configured in an array are capable of classifying/identifying and estimating the azimuth and elevation angles to detected targets of interest at distances of several kilometers. Tactical unmanned air vehicles (TUAVs) are relatively small in size, so they can be difficult to detect optically. In addition, they can maneuver at low altitudes, so they can elude radar detection. A TUAV is powered by either an electric, gas, or turbine engine. Thus, they can emit significant acoustic energy that can be detected and classified over long distances in favorable atmospheric conditions.
The Director of Night Vision and Electronic Sensors Directorate (NVESD), Dr. A. Fenner Milton, asked the U.S. Army Research Laboratory (ARL), specifically the Acoustic Signal Processing Branch, to conduct field experiments to collect acoustic signatures of TUAVs. The purpose of these data collection experiments was to collect raw acoustic signatures of TUAVs and to develop an acoustic database to support activities of the Action Group 6 (AG6) under the Technical Cooperative Program (TTCP). The AG6's main objectives are to improve the understanding and utilization of acoustic sensor technology and to evaluate acoustic sensor performance in the detection, tracking, and classification of TUAVs. 1 Member countries of TTCP's AG6 (United States, United Kingdom, Canada, and Australia) will share the acoustic data.
In support of this task, the Acoustic Signal Processing Branch planned and coordinated with the Maritime UAV Development and Operation (MUDO) team at the Patuxent River Naval Air System Command (PAX River NAVAIR) and conducted field experiments at Webster Field, Patuxent River, MD during 16-24 October 2001 and then again during 10-17 January 2002. The MUDO team provided the test range, range support, TUAVs, and Global Positioning System (GPS) truth and meteorological (MET) information on all test flights; the ARL team provided the sensors and data collection hardware and performed the data collection. 
Test Plan
Four different TUAV vehicles were requested for the data collection exercises: Pioneer, Pointer, Aerolight, and Dragon Eye (see Figures B-1 through B-7 in Appendix B). Due to subsequent events after 11 September 2001, the availability of the TUAVs was very limited. ARL requested a number of test runs (TRs) for each vehicle with different combinations of altitudes and engine revolutions per minute (RPM). A test matrix was formed by starting with a single TR with nomi-nal altitude and RPM values and then varying these flight parameters while respecting safety and regulatory concerns, such as wind speed and allotted airspace. Each TR (Figure 1 ) is defined as: (1) Take off from point A and fly to point B (or beyond), (2) Turn around and fly to point C (or beyond), and (3) Turn around, fly back, and land at point A. The MUDO team provided GPS run time and MET data for all TRs. However, due to airspace restrictions for certain vehicles at certain times of day, not all TRs followed the desired flight pattern. 
Sensor Arrays and Layouts
Two different acoustic sensor arrays were deployed for the data collection. The first one was ARL's 16-microphone cross array (referred to as the "16X" array shown in Figure 2 ), and the second one was TTCP's 4-element orthogonal array (referred to as the "4L" array shown in Figure 3 ). Both arrays were positioned on the ground (grass surface) near the runway (see . Both sensor arrays were calibrated at least once each day of testing with a 94-dB sound pressure level (SPL) at 1000 Hz B&K or ACO Pacific calibrator.
ARL's 16X Sensor Array
The 16X array consists of 16 Knowles microphones, model BL-1994, arranged with two perpendicular 8-element ULAs with 1-ft spacing between elements (Figure 2 ). The sampling rate for the 16X array was generally set at 4096 Hz, with a cutoff frequency of 1250 Hz, and a front-end gain of 100 was selected for all 16 microphones.
TTCP's 4L Sensor Array
The 4L array configuration was requested by the Australian TTCP representative. For the tests conducted in October 2001, four 1/2-in B&K microphones (Table A-2 in Appendix A) were used to form the 4L array, of which three elements are configured in an "L" shape on the ground, with a spacing of 10 m between elements and the fourth element elevated 1 m above ground near the center sensor (see Figure 3) . For the tests conducted in January 2002, four 1/2-in ACO Pacific microphones were used to form the same array configuration as in October. The exact B&K and ACO Pacific microphones, pre-amps, and power supplies used are listed in Table A -4 in Appendix A. In both cases, the sampling rate for 4L array was generally set at 8192 Hz with a cutoff frequency of 2500 Hz.
Field Tests at Webster Field

Data Collection in October 2001
The first data collection effort started on 16 October 2001 and ended on 24 October 2001, at Webster Field, Patuxent River, MD. Due to equipment failures, TUAV problems, and severe wind conditions, not all data were collected as planned. Equipment problems stemmed from the B&K microphones and ARL's acoustic-data collection equipment (ACE) systems. 2 Most of the problems were based on the selection of processing parameters and a total sampling rate ap- proaching system throughput limitations. On several occasions, there were problems with the TUAVs or the TUAVs' base station controllers. While Navy personnel were conducting their flight tests and training exercises with the Pioneer vehicle at Webster Field, we were able to piggyback our data collection effort, but were only able to collect a limited amount of sensor data. Testing was cancelled on several days due to severe wind conditions, producing wind speeds exceeding the safety limits of the TUAVs.
There was a total of three TUAVs for the two weeks of testing in October: Pioneer, Aerolite, and Dragon Eye. The unattended ground sensor arrays were placed near the flight path as shown in Figure 1 (see also . The positions of the sensor elements were recorded using a handheld differential GPS receiver (Table A-3 ).
The data collected by the ACE systems are in binary format. A listing of all the original binary data files has been compiled (see Appendix C for details). The binary data were processed and reduced in Matlab. The resulting time series data files, in "mat" format, are much smaller and more manageable. The files are designated as follows: 
16 October 2002
The 16X array and the first three (nonelevated) elements of the 4L array were sampled at 4196 Hz with a cutoff frequency of 1250 Hz. The fourth element (elevated 1 m above ground) of the 4L array was sampled at 8192 Hz with a cutoff frequency of 2510 Hz. The pre-amp gain and the signal-conditioning box gain of the 16X array were each set at 10, for a total gain of 100. The signal-conditioning box gain of the 4L array was set at 100. The gain for the 4L array was set at 100 at the signal conditioning box. The wind speed was at about 10-15 kn, with gusts up to 25 kn.
18-19 October 2002
The 16X array and the first three (nonelevated) elements of the 4L array were sampled at 4196 Hz with a cutoff frequency of 1250 Hz. The fourth element (elevated 1 m above ground) of the 4L array was sampled at 10240 Hz with a cutoff frequency at 5100 Hz. The gain settings for both arrays were unchanged. The wind condition was at about 5-8 kn, with wind gusts up to 10 kn.
24 October 2002
The 16X array and the 4L array were sampled at 8192 Hz with a cutoff frequency of 2510 Hz. The gain settings for both arrays were unchanged. The wind condition was at about 5-8 kn, with wind gusts up to 10 kn.
Data Collection in January 2002
The second data collection effort started on 10 January 2002 and ended on 17 January 2002, at Webster Field, Patuxent River, MD. There was a total of two TUAVs: Pioneer and Pointer. The sensor arrays were placed near the flight path-the same location with respect to the runways as the October test, as shown in Figure 1 Figure 4 shows the relative positions of the arrays. The positions of sensor elements were recorded using a handheld differentiable GPS receiver (see Table A -5) .
Again, the data collected by the ACE systems are in binary format. A listing of all the original binary data files has been compiled (see further details in Appendix C). The binary data were processed and reduced in Matlab as in the October field tests.
GPS and MET Data
GPS and MET data were requested for all flight tests conducted at Webster Field, Patuxent River, MD. ARL received the GPS and MET data stored in Microsoft Excel and Microsoft Word files, respectively; they have file designations similar to the time series data files (see section 4.1). Some TUAVs such as Pioneer and Exdrone were designed before the availability of GPS. GPS systems were later added to provided better ground truth; therefore, they have their own cataloging system with different update rates. For example, the Pioneer has updates of approximately 1.6 s. All of the GPS data have been converted to UTM coordinates.
Summary and Future Work
In summary, acoustic data from four different TUAVs were collected using two different unattended ground sensor arrays: ARL's 16-element cross array and TTCP's 4-element orthogonal array. From cursory analysis, the overall quality of the data is high. However, due to some equipment problems in the October field tests, some of the data channels, especially for the TTCP array, were affected. The equipment problems were resolved prior to the subsequent January field tests.
In the spring of 2002, ARL provided to the participating TTCP countries three compact disks (CDs) containing the TUAV data along with GPS ground truth and MET data collected in October 2001 and January 2002. The content of the three CDs is shown in Figures D-1 
A.2 October 2001 Tests (Tables A-2 and A-3)
A listing of the data files has been compliled and can be found in the Microsoft Excel file TUAV_Oct_01_data.xls. 1 The corresponding data files are in binary format (i.e., filename.dat) and are designated as follows: 
A.3 January 2002 Tests (Tables A-4 and A-5)
A listing of the data files has been compiled and can be found in the Microsoft Excel file TUAV_Jan_02_data.xls. 2 
Appendix C. Binary Data File Format and Conversion File C.1 October 2001 Tests
A listing of the data files has been compiled and can be found in the Microsoft Excel file TUAV_Oct_01_data.xls. 1 The corresponding data files are in binary format (i.e., filename.dat) and are designated as follows: Each junction box has a maximum of eight channels, and each ACE can accommodate up to eight junction boxes. Table C-1 shows the sensor element within the sensor arrays (16X and 4L) and the corresponding sensor number (ACE number), sensor group number, and channel number. Not used Notes: N-S = north-south; E-W = east-west; ULA = uniform linear array.
C.2 January 2002 Tests
A listing of the data files has been compiled and can be found in the Microsoft Excel file TUAV_Jan_02_data.xls. 2 Table C-2 shows the sensor element within the sensor arrays (16X and 4L) and the corresponding sensor number (ACE number), sensor group number, and channel number. 
C.3 Accessing the Binary Data Files
All of the flight test runs (TRs) are relatively long, with some lasting longer than 15 min. Efforts were made to subdivide the TRs into multiple data files (e.g., separate files for the incoming and outgoing portions of a single TR). Even so, a data file can be very large because the sampling rates were set at either 4096 or 8192 Hz. The listing or raw acoustic data files contained in the two Excel files 1, 2 are in binary format with a customized header developed for the ACE systems by ARL. The exact format structure can be made available upon request. However, data can be read into Matlab using the covert_bin_to_mat.m routine provided on the data compact disk (CD) (source code for m-file in section C.4 below). The parameters of interest are (shown in boldface in the code):
file_name: name of file to be read with directory path number_of_seconds: amount of data to be read in seconds seconds_to_skip: data pointer data: variable with acoustic data in Matlab
Depending on the amount of memory on the PC, loading the entire data file in Matlab might be very slow or even impossible. It is recommended that the user take a quick look at the data file by loading only a segment of data from one channel at a time. This can be done by setting data = [data,temp(2,:)] for instance (e.g., looking at channel 1 only instead of channels 0-7), setting number_of_seconds to a desired segment length, and setting seconds_to_skip appropriately to move from current data segment to a subsequent data segment within the data file. Contact ARL personnel listed in (input_fd,[8,block_size] ,'short'); temp (1:4,:) = temp(1:4,: 
